ABSTRACT BACKGROUND: Acute appendicitis (AA) is one of the most common surgical emergencies, whosepostoperative morbidity and mortality increase significantly when the appendix perforates. The identification of factors that lead to perforation in these patients might effectively reduce morbidity. In this study, factors associated with perforation in AA were examined.
because it is generally assumed that untreated appendicitis will eventually perforate after the appendix has become inflamed. [6] If AA is diagnosed and treated early, recovery time and process remain normal. However, a delay in diagnosis and surgical intervention leads to an increased rate of perforation, longer hospital stay, and increased costs, mortality, and morbidity. [7] The diagnosis of complicated appendicitis depends on subjective criteria, such as the symptom onset, type of pain, and physical examination. There is a need for objective tests for a definite diagnosis. Despite the use of a variety of objective diagnostic methods, such as radiological imaging, laboratory tests, and scoring systems, in the diagnosis of complicated appendicitis and studies [8] [9] [10] [11] of factors affecting the risk of perforation in AA, such as body mass index (BMI), gender, age, season, and time to appendectomy, no comprehensive study has examined the risk factors directly related to perforation. Therefore, we investigated the factors associated with perforation in AA, such as BMI, the physical parameters and location of the appendix and time to operation.
INTRODUCTION
Acute appendicitis (AA) is one of the most common reasons for emergency surgery, with approximately 280,000 appendectomies performed each year in the United States. [1] [2] [3] The incidence of perforated or gangrenous appendicitis remains high (28-29%). [4, 5] MATERIALS AND METHODS
Study Groups and Design
This prospective study was conducted from 1 February 2014 to 30 November 2014 in the general surgery and emergency medicine departments of an urban hospital, after being approved by the Regional Ethics Review Committee (Abant İzzet Baysal University Clinical Research Ethics Committee Approval on 10/02/2014 approval no. 2013/46-32). Informed consent was obtained from all patients.
The study enrolled sixty patients operated on for AA and diagnosed with AA histopathologically. The number of patients in the groups was calculated using power analysis and was distributed evenly. The sample size was determined to be thirty patients per group with a power of 0.9 and 95% confidence interval. Patients were divided into non-perforated (n=30) and perforated (n=30) groups. When thirty patients were enrolled in the non-perforated group, patient enrollment in that group was stopped. Subsequently, patients were accepted only for the perforated group until thirty patients were also enrolled.
Patients were excluded if one of the following criteria were present: younger than 16 years (no upper age limit), pregnancy, patients with gastrointestinal malignancies, and perforated appendix induced by trauma.
Patients with a diagnosis of AA based on history, physical examination, laboratory tests, and imaging methods were operated on. Antibiotics were administered at the beginning of surgery. The choice of surgical procedure was left to the surgeon. Laparoscopic appendectomies were performed using the standard three-port technique and conventional appendectomies were performed using the McBurney incision.
The time to the diagnosis of AA from the onset of complaints and the BMI of patients were calculated preoperatively. Appendix location (retrocecal, laterocecal, antececal, or mediocecal) and the presence of fluid or abscesses were assessed intraoperatively. Appendix wall thickness, root and end diameters, and length were measured on the surgical specimen. In addition, appendix diameter at the perforation was measured in the perforated group. Finally, all appendectomy specimens were evaluated histopathologically. The criterion for histological AA was infiltration of the muscularis propria with polymorphonuclear cells. Patients with histopathological non-acute appendicitis were excluded from the study.
Laboratory Analysis
A complete blood count analysis was done and C-reactive protein (CRP) levels were measured using venous blood samples with automated analyzers. Normal values were determined based on reference values accepted by hematology laboratories.
Statistical Analysis
Data were analyzed using SPSS (Statistical Package for Social Science) for Windows 15.0 package program. Data normality was tested by one-sample Kolmogorov-Smirnov test. Continuous variables were given as mean± standard deviation, and were compared with One-Way ANOVA or Kruskal Wallis variance analysis. When p value was significant, Mann-Whitney U multi variance analysis was used to detect the group creating the difference. Non-continuous variables were given as median (min-max), and were compared using Chi-Square test. A p value <0.05 was considered statistically significant.
RESULTS
Thirty patients with AA and thirty with perforated AA were evaluated. The demographic characteristics of the groups are shown in Table 1 . The patients included forty (66.6%) males and twenty (33.3%) females with a median age of 27 (range 16-84) years. There was no difference in gender and mean age between the groups. BMI was significantly (p=0.039) higher in the perforated group than the non-perforated group. Prehospital delay was significantly (p=0.015) longer in the perforated group (Fig. 1) .
Laboratory values of the groups are summarized in Table 2 .
While there was no difference in white blood count (WBC) and percent neutrophils, CRP level was significantly (p<0.001) higher in the perforated group (Fig. 2) .
According to the data obtained during surgery, abscesses were more frequent in the perforated group (p=0.017) while there was no difference between the groups in terms of the presence of fluid (p=0.792). The most common location of the appendix was retrocecal in the perforated group and antececal in the non-perforated group (p=0.007) ( Table 3) . Figure 3 summarize the physical parameters of the appendix in the two groups. Wall thickness (p<0.001) and appendix length (p=0.037) were significantly higher in the perforated group. While there was no difference in the appendix end diameter, the root diameter was significantly higher in the perforated group (p=0.041).
The correlations between the location of the perforation and the physical parameters of the appendix in the perforated group are shown in Table 5 . No correlation was found between the distance from the cecum/end to the perforation with root diameter, perforated diameter, or end diameter (r=0.350, p=0.058; r=0.079, p=0.680; and r=0.242, p=0.198, respectively). However, there was a weak positive correlation between the appendix length and the location of the perforation; as the appendix length increased the perforation approached the end of appendix (r=0.369, p=0.045).
DISCUSSION
This study investigated physical factors associated with perforation in AA. A few studies have examined the factors affecting the risk of perforation in complicated AA. These studies mostly evaluated the time to appendectomy, gender, and age. No comprehensive study has examined the risk factors related to perforation directly.
The lifetime rate of appendectomy is 7%. Despite various advanced laboratory and imaging techniques, the rate of misdiagnosis remains the same (15%), and equals the rate of appendiceal rupture. If diagnosis and surgical intervention are delayed, the perforation, morbidity, and mortality rates all increase considerably in AA. [12, 13] The appendiceal perforation rate is higher in the elderly population due to the atypical presentation, presence of comorbid disease, and age-specific physiological changes, such as changes in the colon wall mechanical strength (32-72%). [14] [15] [16] Barreto et al. [8] have found that male sex and being older than 60 are significantly associated with a risk of perforation. Augustin et al. [17] have obtained the same results in patients older than 50. Similarly, Sulu et al. [18] have found that the perforation rate is higher in elderly patients. In the present study, sex distributions and Tanrıkulu et al. A prospective clinical study of the effects of the physical features of the appendix on perforation mean age of the patients in the two groups were similar and these were not risk factors for perforation (p=0.366 for age, p=1.000 for sex).
Another parameter that is believed to be associated with appendix perforation is BMI. The diagnosis of AA in obese patients is difficult and the misdiagnosis rate is high due to clinical challenges related to increased BMI, such as decreased mobility, increased fat in the abdominal wall, and an altered response to stress. [19, 20] In this study, BMI was higher in the perforated group than in the non-perforated group (p=0.039). The timing of appendectomy is one of the most-studied topics. It is believed that a delay in the surgical removal of the inflamed appendix will result in perforation. Bickell et al. [21] have reported that the risk for developing a perforated appendix is high when the period from the onset of symptoms to surgery exceeds 36 h. In a study of an elderly population, Omari et al. [14] have reported that pre-hospital delay is higher in the perforated group (p<0.0001). In contrast, Drake et al. [9] have found no relationship between the time to treatment and perforation. In our study,pre-hospital delay was higher in the perforated group (p=0.015).
Leukocytosis, neutrophilia, and CRP are important diagnostic markers in AA. Interestingly, the combined use of the three markers improves the sensitivity to 97-100% for the diagnosis of AA. CRP is most likely to be elevated in appendicitis if symptoms are present for more than 12 h. [22] Panagiotopoulou et al. [23] have found that CRP has the highest diagnostic accuracy for perforated appendicitis. Similarly, Moon et al. [11] have reported a significantly elevated CRP in complicated appendicitis. In the present study, CRP levels were markedly higher in the perforated group (p<0.001). In contrast, no relationships between WBC count or neutrophilia and perforation were seen although the levels of both were higher than the reported cut-off values.
Abdominal ultrasonography (US) and computed tomography (CT) are the most common methods used in the diagnosis of AA. Although operator skill is an important factor in all US examinations, its accuracy rates vary. In experienced hands, US has sensitivities of 75-90%, specificities of 86-95%, accuracies of 87-96%, positive predictive values of 91-94%, and negative predictive values of 89-97% for the diagnosis of AA. Abdominal CT complements US and is recommended whenever US results are suboptimal. Its accuracy rates vary according to the appendix diameter. Helical CT has sensitivities of 90-98%, specificities of 91-98%, accuracies of 94-98%, positive predictive values of 92-98%, and negative predictive values of 95-98% for the diagnosis of AA. [22] In a study evaluating the usefulness of CT findings for differentiating perforated from non-perforated appendicitis, Suthikeeree et al. [24] have found that an abscess, extra-luminal appendicolith, and extra-luminal air have the highest specificities for perforated appendicitis, at 95.24%, 100%, and 95.24%, respectively.
Tsuboi et al. [25] have found that multi-detector row CT allows an accurate (96.1%) diagnosis of appendiceal perforation when a defect is seen in the contrast-enhanced appendiceal wall. As noted in previous studies, the appendiceal transverse diameter and wall thickness have been evaluated in all imaging methods, while very few studies have examined the relationship between appendix perforation and position. Sheu et al. [16] have found that a retrocecally positioned appendix is a risk factor for perforation of the appendix (OR 1.93, CI 1. 15-3.24) . In the present study, we were unable to evaluate the imaging methods because of inadequate and inappropriate radiological techniques. We detected significant differences between groups in terms of the presence of an abscess (p=0.017) and retrocecally positioned appendix (p=0.007). We found that the rate of perforation of the appendix increased with appendix length. While we found no difference between groups according to the appendix end diameter, the appendix root diameter was greater in the perforated group (p=0.041). In addition, comparing the location of the perforation and the physical properties of the appendix in the perforated group, we found no correlation between the distance from the cecum or to the perforation with root diameter, perforated diameter, or end diameter; however, there was a weak correlation between the appendix length and the location of perforation (p=0.045, r=0.369).
In summary, BMI, prehospital delay, elevated CRP, a retrocecally positioned appendix, the presence of an abscess, and appendix wall thickness, root diameter, and length are risk factors for perforation in AA. The first four parameters are evaluated preoperatively, and the others intraoperatively. Further research should verify our findings and seek preoperatively diagnostic methods for evaluating intraoperative parameters.
